INTRODUCTION
T he technological and economic developments initiated by the industrial revolution have made it possible to reach many points of the world through different trade lines. The most common of these lines is the method of shipping method. By shipping, it became ordinary to carry heavy cargos among different points of the world. It is observed that costs of this common trading way have increased with the increase of fuel consumption caused by biofilm on the ship hull formed by interaction between bacteria in the salty environment and ship hull. There is some info about biofilm layer formed by bacteria living in salty environments like sea salt. It is needed to carry out biotechnological and microbialbased studies to prevent biofilm layer formation. A specific part of these studies is carried out for having enough knowledge about how bacteria orient environment, biofilm formation abilities or if bacteria can communicate with each other and if possible, how they communicate? Studies based on usage of bacteria living in a salty environment in biotechnologically different areas are common. Quorum sensing defined as bacterial communication, arise with gene regulation arranged by bacteria population that reach specific majority depending on population [1] [2] [3] [4] [5] . Although quorum sensing system is spotted in Gram-negative bacteria first, it is a microbial communication system used for Gram-positive bacteria and some funguses [6] [7] [8] . Reproduction and continuity of metabolic activities of microorganisms in different environments show that both structural and cellular specifications of these organisms should be confirmed.
In this study, biofilm formation abilities and detection of quorum sensing signals of different bacteria species isolated from water and soil samples, which are taken from Salt Lake that is a halophilic and extreme environment, are targeted.
MATERIALS and METHODS
Soil and water samples were taken aseptically from parts of the Salt Lake near Şereflikoçhisar were brought to the laboratory under sterile conditions. 20 of these isolates were used for these study. The isolates which were grown in HS medium were kept Hacettepe University Faculty of Science, Department of Biology, Division of Biotechnology and ASÜBTAM Laboratory of Microbiology at -20ºC.
Isolation of Halophilic Bacteria
Soil and water samples were diluted with a sterile saline solution with the ratio of 1:10 (g/ml). 1 ml of each sample were inoculated to the Sea Water medium(Sea Water medium (NaCl 202.5 g, MgCl 2 17.5 g, MgSO 4 24 g, CaCl 2 0.9 g, KCl 5 g, NaHCO 3 0.15 g, NaBr 0.065 g, Yeast extract 5 g/L -1 pH 7.2) and HS medium(250 g of NaCl, 20 g of MgSO4 •7H 2 O, 3 g of trisodium citrate • 2H 2 O, 2 g of KCl and 10 g of Oxoid bacteriological peptone L-34 , pH 6.5-7.4 ) and incubated for 7 days at 37-39°C , 150 rpm ( Figure 1 ). 100 µl of each culture were spread on HS agar plaques. After 7-10 days incubation, selected colonies and control microorganism were inoculated to HS medium again. Third days of incubation colorless colonies and after 10-15 days pink-red colonies were observed at plaques (Figure 2 ). Gram-negative isolates were selected for this research [1] [2] [3] . 
Bacterial DNA Isolation
Biospeedy Bacterial DNA isolation kit was used for DNA isolation and DNA was obtained according to the procedure. The obtained DNA's were stored at -20°C until running for 16s rRNA analysis.
Real-Time PCR (Q-PCR)
Biospeedy Bacterial Diversity Kit was used for identifying bacterial diversity. Primers in which was used during the procedure, were special to 16s rRNA side of bacterial genomic DNA ( forward primer AGA GTT TGA TCC TGG CTC AG and reverse primer AAG GAG GTG ATC CAG CCG CA) [4, 5] . BIORAD CFX Connect (Bio-Rad Laboratories, USA) Real-time PCR instrument was used for all reactions. The reaction contained 1.5 mM MgCl 2 , 0.2 mM dNTP mix, 1x Reaction Buffer, 0.1 U Fast Start Taq DNA Polymerase, 1x Eva Green, 4 ng/ µl template cDNA and 0.5 µM of each primer. In the device, the following heat cycle program has been applied with an optimized primer pair (Table  1) . During Q-PCR, melting curve analysis was performed at 65°C to 95°C to determine that only the desired product was replicated. Then, it was analyzed by Q-PCR Biorad CFX Connect Software 3.0.
16s RNA Sequencing
Obtained bacterial amplicon sequence, were determined through Sanger Method with ABI Prism Big Dye Terminator Cycle Sequencing Ready Reaction Kit and ABI Prism 377 DNA Sequencer (Applied Biosystems, USA).
Phylogenetic Analysis
Obtained sequences from each bacteria were analyzed by Chromas software package version 1.45 (http://www.technelysium.com/au/chromas. html). Sequences were compared with known bacteria species in NCBI DNA databank (BLAST-(http://blast.ncbi.nlm.nih.gov/Blast.cgi ) and were determined most similar species, similarity rates, and accession number. 
Extraction and Purification of N-Acyl Homoserine Lactone from Halophilic Bacteria Culture Medium
For signal molecule extraction, halophilic Gramnegative bacteria culture were inoculated loopfull to 10 ml HS liquid medium and incubated at 37ºC until stationary phase [6, 7] . Obtained cultures were centrifuged at 4ºC' 4000 rpm 10 minutes. The supernatant was transferred into a new tube and dichloromethane was added equal volume. Organic phase that was transferred new tube was filtered by 0.2 µm pore size sterile syringe filter (non-pyrogenic, Sartorius). Dichloromethane was removed via evaporator [2] . The residue in the tube that included the completely evaporated organic phase was dissolved in 20 µL of methanol and stored at -20ºC until use [8, 9] .
Signal Molecules Analysis by Thin Layer Chromatography
Signal molecules analysis were conducted by Reverse-phase C18 thin layer chromatography (RP-C18 TLC). N-butanoyl homoserine lactone (C4-HSL), N-hexanoyl homoserine lactone (C6-HSL), N-octanoyl homoserine lactone (C8-HSL) and N-dodecanoyl homoserine lactone (C12-HSL) (Sigma, Germany) molecules were used as standard signal molecules. The signal molecules dissolved in methanol were applied to the reversed phase TLC plates (RP-18 F254; Merck) with a 1.5 cm interval for each sample loading area up to the starting point. Chloroform-Methanol (95:5, v/v) was prepared as the mobile phase. Mobile phase ran up to 2 cm below the top of TLC plate. After the separation process was completed, TLC plates were dried in fume hood during 2 h. Chromobacterium violaceum cv026 and Agrobacterium tumefaciens A136 (pCF218)(pCF372) were used as biosensor strains to detect molecules. The dried TLC plates were spread onto 50ml of AB mineral soft agar medium (50°C) + 0.9ml agar containing 10% Agrobacterium tumefaciens A136 (pCF218) (pCF372) (100 ml for 48 h) and X-gal (60 µg/ml). Besides, other TLC plates were spread onto LB soft agar medium (%0.9 agar contained) + 10ml Chromobacterium violaceum CV026 (24 h culture) culture. When medium solidified, TLC plates were incubated at 30°C 24-48 h [10] [11] [12] . During the experiment, methanol was used as negative control. The spots where AHL molecules located were determined with violaceus or greenish spot occurrence.
Determination of Biofilm Formation Capabilities of Halophilic Bacteria
Biofilm formation was determined with crystal violet method which is a classical method for biofilm formation [13] . Halophilic isolates were incubated at 37-39°C during 7 days in HS medium. Then all isolates were diluted with HS medium at 0.05 O.D. value at 600 nm and inoculation of isolates was performed with 50 ml culture to 100 ml HS medium. All medium which was inoculated before were incubated 200 rpm for 7 days. After incubation, 900µl HS medium + 100µl halophilic bacteria were added to 24 well polystyrene plate. Two different experimental setups were designed for 37-39°C and 7-10 days produced cultures. The medium was discharged from the plate in which incubated cultures. Each well was washed with 1xPBS buffer three times. Washed plate well was dried at 65°C. Wells were stained with 1% crystal violet for 2 minutes. After, stained wells were washed at three times and were dried at room temperature. Crystal violet in the well was solubilized with 30% Acetic acid solution and was measured by spectrophotometer at 595 nm [14, 15] .
RESULTS and DISCUSSION
When the test results were examined, it was observed that the bacterial isolates from soil and water samples could not be grown on medium with higher salt content but they could be grown on medium containing 4-5 M NaCl, so preliminary definitions were made in accordance with the characteristics of halophilic bacteria. In addition, as gram features, the selection was made among Gram-negative bacillus or coccobacillus morphology isolates [16] . After DNA isolations of the isolates were carried out in the microbiology laboratory of ASUBTAM, their genomic identification was done by Bioeksen [17, 18] . In this context, according to 16S rRNA results for species differentiation, Halobacterium salinarium, Halovibrio, and Halomonaras species were determined to be widespread in Salt Lake ( Table 2) .
As a reason for the condensation of genotypically and phenotypically identified strains among certain species in our study, it can be suggested that Dunaliella salina species algae, which is common in Salt Lake during the sampling period, affects the bacterial population. This is supported by the study of Le Chevanton et al. , in which some metabolites that produce Dunaliella algae in the saline environment cause inhibition of the population of bacteria in the environment [19] . Liu et al. found that some gram-negative and positive bacteria, in the study conducted, carried out the excessive proliferation of the algae population, which was expressed as algae bloom [20] . In this context, halophilic bacteria are considered to play an active role in hyperproliferation of Dunaliella in Halobacterium, Salicola, Halovibrio and Halomonas species of bacteria. Disclosure of the biofilm mechanism regulated by the quorum sensing system, a bacterial communication system, and the detection of signaling molecules that play an active role in the formation of the biofilm mechanism has an important role in explaining the metabolism of bacteria. According to the data obtained from the study; it has been found that HS2, HS5, HS7, HS8, HS9, HS10, HS14, HS15, HS18 and HS19 from halophilic isolates can also produce the C6-AHL signaling molecule in thin layer chromatography in proportion to crossvalidation. On the other hand, it has been found with cross-validation with Agrobacterium sp species that each strain is able to produce signal molecule in the detection of strains which are able to produce signal molecule but signal molecules have not been detected in thin layer chromatography (C8-AHL). It has been shown that HS1, HS3, HS5, HS6, HS7, HS8, HS9, HS11, HS13, HS14, HS15, HS16 and HS18 from the isolated strains can produce C8-AHL signaling molecules. The isolates HS5, H7, HS8, HS9, HS14, HS15, and HS18 were able to produce both C6-AHL and C8-AHL signaling molecules (Table 3 ).
Enzymes to be used in industrial areas are also required to exhibit high activity in extreme conditions. For this reason, it is necessary to know what kind of signal molecules are produced by many bacterial strains in the extreme conditions, which features are expressed with these signal molecules (enzyme production, antibiotic production, biofilm, exopolysaccharide production) [2, 21, 22] .
Agrobacterium tumefaciens NTL4 (pZRL4) and
Chromobacterium violaceum CV026 have been identified in N-acyl homoserine lactones produced by these bacteria in a study showing that a sufficient number of perceptions also play an important role in hyperphosphorous environments [2] . Since the biofilm formation ability was regulated by the quorum sensing system, the biofilm production characteristics of the isolates producing signal molecules were examined and it was found that HS1, HS5, HS17 strains had higher biofilm forming abilities than the other isolates. 16 sRNA analysis showed that these strains are HS1; Halobacterium salinarium, HS2, and HS17; Salicola sp. It has been found that other isolates have biofilm producing properties even though they are few (Figure 3) . The HS12, HS17 and HS20 strains were observed not to produce a quorum sensing signal molecule but were able to generate biofilms. Then these bacteria use different signaling molecules in biofilm formation and it is likely that there is a signal molecule except from the one used as a standard. Figure 3 and Table 3 show that bacteria can produce biofilms regardless of producing quorum sensing signal molecule. In many studies, it is stated that these two systems are coordinated.
In the species of Halomonas anticariensis, In the species Halomonas anticariensis, the quorum sensing system regulates the ability to form biofilms with hanR (the default transcription regulator) and hanI (the autoinducer synthase gene), which are the luxR/luxI homologs [21] . In extreme conditions, it is emphasized by many scientists that this system works more actively [23, 24] . Formations and densities of biofilms are a result of microbial evolution [25] . Halophilic bacteria in Salt Lake-like environment have developed some features that can give them an advantage over time. Some of them are capable of producing biofilms and being protected from other negativities in the environment. For instance, Salt Lake is exposed to the pollution of some factories and domestic wastes even though it is in the natural conservation areas [26] . Therefore, this leads to pollution, heavy metal accumulation, and many other factors leading to the resistance of the immune system to infection. Another effect is that these bacteria protect themselves by producing biofilms. While biofilm formation is advantageous for salty bacteria, it causes disadvantages in sectors where commercial losses are high, such as maritime transport. In maritime transport, retention of various sea creatures to the parts of the ships exposed to seawater increases depending on the biofilm created by bacteria. This causes the economy to slow down over time and increase fuel consumption. At the same time, a serious amount of resource transfer is required in the elimination of biofilm formation. There are studies based on the reduction or elimination of this condition, but it has been observed that chemicals to be used on the surface of the ship have toxic effects on marine life. In this context, it is necessary to develop low-toxicity and high-availability chemicals for ship surface coatings [27] . First, the identification of quorum sensing molecules, which form biofilms on the surface of the ship and are effective in the formation of this biofilm, should be a priority in order to avoid such losses. Our work carries a preliminary qualification in order to achieve these results. Further research is needed to for future studies on the biofilm properties of halophilic bacteria. Considering the long reproduction time of halophilic bacteria, we believe that the signal molecules in the environment may degrade. In addition, these bacteria are thought to have enzymes that can degrade these signaling molecules due to their improved enzyme systems. It has been shown that signal molecules produced by isolated halophilic bacteria change between C6-C8 AHL molecules.
